Abstract-In
INTRODUCTION
The notion of a triad antenna array was first described by Hong & Kissell [1] when they demonstrated the effectiveness of a single three-element array, a triad, in generating a glinted signal. This work was originally pursued to develop methods of improving monopulse radar systems in the presence of glinted scatterers. Such systems respond to the plane of the incoming phase front of a scatterer, causing the plane of the array to re-orient itself so that it is normal to that incoming phase plane. If that incident phase front is glinted, the resulting angular error in the phase front can cause the tracking radar to lose track of the scatterer. Their paper described how a target with angular error in its radar return could be generated, and the phase plane incident upon the radar could be depicted. In their work, the spacing of the three elements in the array, as well as the separation of the array from the receiver aperture (150λ), was determined by the size of the chamber. The work described extends results by showing the effect of the addition of a prescribed amount of phase noise to both stationary and moving objects. Furthermore, results are shown for a moving object simulated by a multiple triad array, a precursor to the development of a much larger "Two D Wall", comprised of several hundred antenna elements, arranged in a triangular array, capable of simulating four (or six) different objects.
Experimental results, in conjunction with computer modeling, will be displayed to demonstrate the effects of glint, or angle scintillation, on the radar return of a complex object. As a prototype, this "Two D Wall" will serve to guide a development for a much larger version to include more than 200 antenna elements and four (to six) signal generators. The challenges of this larger scale "Two D Wall" include development of multiple port power combiners, dividers and RF switches that provide signal paths with acceptable power losses. New technologies, such as metamaterials, are being explored for this task.
THEORY
The fundamental component of this work is the three element array, referred to as a triad, shown in Figure 1 . Intrinsic to this array is the property of a triangular geometry that
(1) When normalized by the height of the triad, this becomes
If the radiated power from each element in the array is regulated by this condition, then the composite signal in the far field is perceived by the receiver as being located at some point interior to the triad. Thus, 
A receiver, placed in the far field along the +Z-axis, perceives a single, complex scatterer whose phase center is located at the point interior to the array defined by the magnitudes, V i .
Simulation of a moving target is accomplished by changing of the magnitudes, V i , (and, hence, the triple (a n , b n , c n )) while changes in the phase of V i are perceived by the receiver as glint.
Figure 1: A Triangular Array
To implement a multiple triad array that simulates multiple scatterers, or a single scatterer and its multipath image, a six element triangular array can be implemented. A schematic of such a system is shown in figure 2 , which includes two signal generators and six antennas arranged in four triads. With each signal generator is associated an amplifier and three vector modulators, each with separate control of attenuation and phase. The output of each signal generator is power divided into three separate vector modulators, where the values of V aoo , V boo and V coo are set as prescribed by equations (3) and (4) These outputs are, in turn, submitted to the matrix of switches, power combiners and power dividers which control the triad to which each signal is directed. A pc is used to affect such control. The amplifiers placed at the output of the signal generators, ahead of the vector modulators, are used to affect the perceived range of the scatterer from the receiver. Thus, a single generator, T 1, could be fed into a two-way power divider (ahead of the amplifier) into path T 1 , with the other output fed via a phase shifter to path T 2 , to implement a multipath signal.
RESULTS
To test the validity of these ideas, a six-element array was constructed as shown in figure 3, using Vivaldi horn antennas as the radiating elements arranged in a triangular array with 15" sides. In all testing, a combination gain, phase comparison monopulse receiver was used to detect the received signal, while the single signal generator operated at 9.7 GHz. Figure 4 shows the six-element array as it was constructed. In the results that follow, the single triad refers to the top triad of the six element array shown in this figure. In the first test performed, a single triad was energized to produce a single scatterer at the centroid of the triad. Then uniform phase noise was a zero-mean, uniform random variable added to the phase component of each of the three vector modulators, and was characterized by the range of the phase variation. Shown in figure 5 is the intended radiation pattern outlined against the location of the three horn antennas, located at the vertices of the triad, while figure 6 shows the scattering center as perceived by the monopulse receiver, located 142.9 λ away. No phase noise has been added. The addition of noise (-10° ≤ φ n ≤ 10°) to all three phases, produces very little effect in the receiver's ability to discern the location of the scatterer, as is shown in figure 7 The addition of this same phase noise to all three radiators simultaneously is shown in figure 9.
Figure 3: Test Setup

Figure 9: Receiver Estimate with the Addition of 30° Phase Noise All Three Radiators
It is seen that the receiver location estimates are beginning to diverge significantly. However, the mean estimate is accurate. Similarly, Figure 10 demonstrates an ever widening plot of estimates, with the mean estimate (shown in blue) remaining true to the actual location.
Figure 10: Receiver Estimate with the Addition of 40° Phase Noise All Three Radiators
The threshold is breached with the addition of phase noise to all three receivers of (-52° ≤ φ n ≤ 52°). In Figure 11 it is seen that the mean estimate (shown in blue with an arrow) is shifted from the centroid of the triad.
Figure 11: Receiver Estimate with the Addition of 52° Phase Noise All Three Radiators
Further increases of phase noise saw a movement of the mean estimate out of the triad completely.
The ability to simulate a moving source was next evaluated. Again using the single triad with a single source, a raster path was simulated. As shown in Figure 12 , this raster path began near the lower left element and progresses upward to the top of the triad. Figure 12 shows the intended path of the simulated source movement, the radiated path and the path estimated by the monopulse receiver. The radiated path is a plot of the complex sum of the signals produced by the three vector modulators and includes any phase noise that is added. In Figure 12 , no phase noise has been added.
Figure 12: Receiver Estimate with No Phase Noise
The addition of phase noise (-10° ≤ φ n ≤ 10°) to all three phases is shown in Figures 13 and phase noise (-20° ≤ φ n ≤ 20°) to all three phases is shown in Figure 14 . It is seen that the distortion of the receiver estimates increases with phase noise, or simulated glint. In Figures (12)-(15) , the code used to generate the path radiated by the six-element array included a point outside of the four triads. When this happened, the default point at the centroid was radiated. Hence, the anomalous point in these figures is shown, along with the location estimated by the receiver. The next level of complexity was to implement a moving path over the entire six-element array. Again, a raster path was chosen. This path in particular challenges the ability of the array to properly select the location of the correct triad from which to radiate the simulated signal. Figure 16 shows the intended path against the path as estimated by the monopulse receiver. The locations of the six elements, defining the four triads, are also shown. The location estimates from the receiver mirror with reasonable accuracy the simulated movement of the source. 
CONCLUSIONS
It has been shown that the six elements, triangular array with proper switching can simulate a complex scatterer inside a chamber to a typical radar receiver. Adjustments to the phase of the radiated signals at properly chosen elements are perceived by the receiver as glinted radar returns, which can be used to develop techniques to mitigate against such glint. It was demonstrated that this array can be used to simulate a signal to test a receiver to its threshold of being able to provide accurate location estimates. Furthermore, it was demonstrated that this array can accurately simulate a moving source modeled by a complex radar return. The array has several, as yet, unrealized capabilities. The ability to model the multipath return of a single source is within the scope of this array, and will be realized when a second source is implemented. A much larger array, comprised of several hundred elements, is envisioned and four (or even six) sources is envisioned. Such an array, the "Two D Wall", would require significant microwave components, such as 70-way power dividers, that are typically characterized by high losses. An analysis of such a signal path revealed that 30dB of loss per source path to an antenna was not unreasonable for such an expanded array. Research is ongoing into the application of new concepts, such as metamaterials [2] , to reduce these losses. Moreover, the "Two D Wall" has the potential to provide a test bed in which many applications may evaluate and develop techniques to deal with glint, or glint-related phenomena. 
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